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Abstract 
A complete understanding of the principles behind bimanual handedness is currently lacking, 
and variability has frequently been attempted minimised. The goal of this study was to study 
the variability in bimanual handedness. The first aim was to examine right-and left-handers 
unimanual and bimanual hand preferences by using a questionnaire constructed for the 
purpose of the study, consisting of a modified version of the Edinburgh Handedness Inventory 
and several bimanual items. The results showed that the right-handers had a stronger 
preference for their preferred than the left-handers. The second aim was to explore between-
hand performance differences, using five fine motor tasks. Both right- and left-handers were 
found to have better performance with their preferred hand. The right-handers had more 
between-hand performance differences than the left-handers. The last aim was to examine the 
relationship between bimanual hand preferences and bimanual hand performance. The results 
indicate a positive significant correlation between BI preferences and performance in 
bimanual fine motor tasks. The more strongly lateralised subjects show larger between-hand 
differences, as indicated by higher BI values. The results support the notion that what you get 
depends on how you measure it, and suggest that there is larger variability in hand preference 
and performance than previously indicated.  
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1 Introduction 
1.1 Terms of handedness 
Laterality can be defined as the processes which lead to an asymmetrical nervous system 
(Geschwind & Galaburda, 1985), hence providing one side superiority. Handedness is 
regarded as one of the most evident lateral behavioural traits (Triggs, Calvanio, Levine, 
Heaton, & Heilman, 2000), and can be defined as “the individual’s preference to use one hand 
predominantly for unimanual tasks and the ability to perform these tasks more efficiently with 
one hand” (Corey, Hurley, & Foundas, 2001). Hand preference and hand performance or skill 
are two distinguishable aspects that must be recognised when studying handedness (Chisnall, 
2012). Preference is defined as a greater liking of one hand over the other if a choice is 
possible (Peters, 1995). Performance is a measure of the skill of the hand, usually referring to 
the most accurate or fastest hand when performing a particular task. Roughly 90 percent of 
humans prefer to use their right hand for manual actions (Adamo & Taufiq, 2011; Cavill & 
Bryden, 2003; Ooki, 2014; Scharoun & Bryden, 2014; Willems, Van der Haegen, Fisher, & 
Francks, 2014).  
1.2 The distribution of right- and left-handers 
Several theories have attempted to explain why roughly 10 percent of the human population 
are left-handed (e.g. Chisnall, 2012; Geschwind & Behan, 1982). Early explanations of 
handedness were based on theories of structural asymmetries of the body, cultural 
conditioning and learning, hereditary mechanisms, a pathological state of brain or personality 
and attributions of left-handedness to statistical rarity (Harris, 1980, as sited by Chisnall, 
2012). Such theories are excluded from the current scope, but they exemplify how 
methodological decisions affect the knowledge about human handedness.  
 Annett (2002) argues that left-handedness is no type of handedness, but should be 
considered as a handedness characteristic, varying between strong left and strong right hand 
preference. Thus, it is known that having a left handed minority is a result of natural variation 
of human heritage. It is known that right-handedness is the majority in all cultures, with a 
minority of left-handed individuals. However, there is no evidence for the opposite (Annett, 
2002). The frequency of left handedness has varied through generations and across cultures. 
Nevertheless, left handedness has never been absent in any community. Therefore, the 
research should consider why it is not a 50/50 percent distribution of left- and right-handed 
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human individuals, and what causes the variability of the distribution between extreme left 
and extreme right hand use (Annett, 2002).  
 Research has shown that there is a principle genetic factor and also a cultural influence 
on how handedness is expressed. Neither genetics nor environmental effects can explain these 
variations alone, which indicates that hand preference is congenital but not genetic (Annett, 
2002). Previous research has stated handedness differences between identical or monozygotic 
twins, in which their handedness vary just as much as dissimilar or dizygotic twins’ 
preferences. However, hand preference cannot exclusively be a result of training. As for 
language, humans are born with a specific disposition to be right- or left-handed in skilled 
activities. The environment determines which language is learned, and likewise the 
environment is affecting the development of skills of each hand (Annett, 2002). Cultural and 
environmental factors may affect and even change hand preference by performing a slight 
pressure on all activities, decreasing the degree of preference, by changing the hand 
preference for certain but not all tasks, or by performing a strong pressure on all activities, 
switching the hand preference in total (Llaurens, Raymond, & Faurie, 2009). Chisnall (2012) 
summarises it well: “It is now known that dextrality has some genetic basis while societal and 
environmental pressures influence left-handedness through learning effects.”  
1.3 How to measure handedness 
Both hand preference and hand performance must be recognised when studying handedness. 
(Chisnall, 2012). Hand preference is a subjective measure and performance is objective 
(Brown, Roy, Rohr, & Bryden, 2006).  
 Steenhuis (1999) suggested that the relation between hand preference and performance 
depends on how you measure it. Which and how many questions one asks, and what tasks the 
participants are performing influence which data one collects and what the data can explain. 
Previous studies on handedness have used factor analysis in order to minimise variability (e.g. 
Bryden, 1977; Dragovic, 2004b; McFarland & Anderson, 1980; Milenkovic & Dragovic, 
2013; White & Ashton, 1976), in order to compose a unidimensional handedness construct, 
although there is a common notion that handedness is multidimensional (Büsch, Hagemann, 
& Bender, 2010; Healey, Liederman, & Geschwind, 1986; Steenhuis & Bryden, 1989; Suzuki 
& Ando, 2014) It is reasonable to believe that excluding such variability have consequences 
for what is currently known about human handedness.  According to Bishop (as sited by 
Perelle & Ehrman, 2005), the cut-off point between right- and left-handers have severe 
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consequences for the data one collects. The cut-off point might in principle make it possible 
to get support for any hypotheses.   
1.3.1 Hand preference 
Handedness inventories are the most reliable method for measuring hand preference, because 
all the participants answer the same questions. The Edinburgh Handedness Inventory (EHI) is 
the most widely used questionnaire to study hand preference (Bishop, Ross, Daniels, & 
Bright, 1996; Fazio, Coenen, & Denney, 2012; Kushner, 2013), where the participants, in its 
original form, respond to ten items (Veale, 2014). The questionnaire, measuring the strength 
and direction of hand preference across a range of common manual tasks, produces a bimodal 
distribution. This means that the majority of the subjects score to one or the other of the 
extremes of the distribution, as either left or right handed (Willems et al., 2014). Despite the 
widespread use of the inventory, there is evidence that the original instructions and response 
format are frequently misunderstood (Fazio et al., 2012; Veale, 2014), is lengthy and 
confusing (Veale, 2014). Moreover, Fazio et al. (2012) found that right-handers were more 
vulnerable for taking their majority handedness status for granted and assume that right-
handedness is right-handedness, hence paying less attention to the instructions of handedness 
questionnaires than left-handers.  
 The assessment of hand performance questionnaires has not been standardised to date, 
and the prevalence of differences in hand preferences may also depend on different features of 
the design of the questionnaires. There is no common format for preference questionnaire 
either, and there is currently a shortage on relevant evidence on how this affects the way 
different groups complete the questionnaires (Papadatou-Pastou, Martin, & Munafò, 2013).  
Several versions of the EHI have been applied in studies of handedness, often without the 
authors clarifying which version they use, or they are unaware that they are using a modified 
version (Edlin et al., 2015). Milenkovic and Dragovic (2013) used confirmatory factor 
analyses to investigate latent structure and measurement properties and found the EHI to have 
poor measurement properties. Validity and internal consistency have been attempted to be 
increased by excluding almost singular items, such as writing and drawing, as the latter is 
almost perfectly collinear with writing (Milenkovic & Dragovic, 2013).  
 The most widely used handedness questionnaires contains few bimanual items, and 
items such as broom and opening box in the EHI have gained criticism for conducting  large 
levels of error variance (both 0.54), and low factor score regressions (both 0.04). This 
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indicates a marginal contribution to the latent construct, and moreover making a large mixed 
handedness group (Dragovic, 2004b). According to Milenkovic and Dragovic (2013), these 
items are found to be more a benign reflection of the environment than a genuine hand choice, 
and should not be used in any handedness questionnaire. Ransil and Schachter (1994) state 
that the measurements of these items are notoriously unreliable, and Büsch et al. (2010) 
observed that excluding these items improved the measurement quality of EHI. Nevertheless, 
one should have in mind that these items often are excluded for having marginal contribution 
to a unidimensional construct, although handedness is found to be multidimensional (Büsch et 
al., 2010; Healey et al., 1986; Steenhuis & Bryden, 1989; Suzuki & Ando, 2014)   
1.3.2 Hand performance 
Preference measures, however, are not always ideal, as they depend on the participant’s 
interpretation of the questions (Bryden, Bulman-Fleming, M. Barbara, MacDonald, Valerie, 
1996). Performance measures are more time consuming. Nevertheless, they can provide 
useful information. Performance measures can measure true hand differences if they are 
specialized (Willems et al., 2014).  
 Performance based measures study the relative between-hands differences in the 
performance of manual skills (Pedersen, Sigmundsson, Whiting, & Ingvaldsen, 2003), usually 
in tasks such as placing pegs or disk moving (Annett, 1976; Bryden, Pryde, & Roy, 2000; 
Pedersen et al., 2003), finger tapping (Peters, 1980) or throwing at targets (Watson & Kimura, 
1989). Others have for instance used measures such as constructing with and without a base 
plate (Stone, Bryant, & Gonzalez, 2013), threading nuts on a bolt (Pedersen et al., 2003), 
throwing bean bag at a target (Leversen, Haga, & Sigmundsson, 2012), square marking, 
dotting between targets, line drawing between targets, and punching holes through targets 
(Annett, 1992). According to Pedersen et al. (2003), the most strongly lateralised behaviour 
occurs when fine motor tasks are being performed, and it seems reasonable to use fine motor 
tasks for the purpose of this study.  
1.4 Why treat preference and performance as continuous variables 
Historically, people have been classified into right-handers, left-handers and ambidextral, or 
only right and left (Chisnall, 2012; Dragovic, 2004b). Hand preference classified as either left 
or right has been criticized for being too simplistic (e.g. Brown et al., 2006; Provins & 
Cunliffe, 1972). According to Annett (1970), a division of hand preference as left or right in 
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writing can be applied, but merely for everyday purposes. A coarse dichotomy lacks the 
sensitivity required to map out the variations in patterns of hand preference when multiple 
tasks are being studied. According to Chisnall (2012), handedness is more realistically 
modelled as a continuous distribution raging from strongly right-handed to strongly left-
handed, and this notion is widely accepted. Therefore, hand preference should be studied as a 
continuum and not a dichotomy.  
 Edlin et al. (2015) state that handedness varies in the direction, which refers to the 
categorical division of right- and left-hand preference, and in the degree or consistency, which 
is continuously, ranging from equal usage of both hands to exclusive usage of one single 
hand. The variability in consistency has a tendency to go unnoticed, and should be paid more 
attention.    
1.5 Hand preference 
Crovits and Zener (1962) reported that left-handers are less consistent in their manual 
preference than right-handers. Left-handers vary more in their reporting of hand use than 
right-handers, and the within-subject consistency in hand use for particular tasks among left-
handers is also lower (Chisnall, 2012). Many left-handers are found to describe themselves as 
left-handed, but are in fact using their right hand in several activities (Annett, 1970). As 
Papadatou-Pastou, Martin and Munafo (2013) noted, left-handers compared with right-
handers, avoid giving extreme dominant hand responses. It may be that right-handers are 
more likely to report that they always use their right hand for an activity rather than that they 
usually use their right hand, and that left-handers may be relatively less likely to have an 
always preference and more likely to report usually left-hand preference. Papadatou-Pastou et 
al. (2013) explain these differences as a possible response bias or a reflection of genuine 
differences between right- and left-handers. Bryden (1977) found that right-handers have a 
strong right-hand preference when tested objectively. 
1.6 Hand performance  
Motor performance is typically considered to be highly specific, even though one is 
commonly lead to the notion that it is possible to perform well across a range of tasks (Lorås 
& Sigmundsson, 2012). This is also argued for by findings by Haga, Pedersen, and 
Sigmundsson (2008). They found, as they state, surprisingly low correlations between eight 
different motor tasks from the Movement ABC test, among 4-year-old Norwegian children. 
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Lorås and Sigmundsson (2012) also studied the interrelations between fine motor skills in a 
sample of young adults. They found generally low intercorrelations between placing pegs, 
posting coins, and placing bricks, and at a level that can be expected by chance.    
 Furthermore, the degree of lateralisation is found to differ between groups of 
individuals (Pedersen et al., 2003). Also, practice seems to diminish the difference in skill 
between the hands for certain tasks while the asymmetry remains constant for others 
(Chisnall, 2012). In accordance with this, left-handers have been reported to have less 
between-hand performance differences than right-handers (Peters, 1980). They live in a right-
handed world, and constantly need to adapt to this by using their non-preferred hand (Coren, 
1989). Hence, they get more practice with their right hand, and are usually found to use their 
non-preferred hand more frequently than right-handers (e.g. Gonzalez, Whitwell, Morrissey, 
Ganel, & Goodale, 2007; Stone et al., 2013), and with more proficiency (Steenhuis & Bryden, 
1989).  
1.7 The distributions of hand preference and hand performance  
According to Annett (2002), the preference distribution is bimodal and takes the form of a 
«U» or «J», while the skill distribution takes the form of a normal curve. Annett (2002) found 
that both-left and right-hand preference is unimodal and normal distributed, with right-
handers tending to be to the right of the distribution and left-handers to the left. However, 
there is no clear division between the two hand preference groups according to a considerable 
overlap. Nevertheless, Steenhuis (1999) states that not all proficiency measures show a 
normal distribution or all preference measures show a J-shaped distribution.  
 According to Steenhuis and Bryden (1989), one might distinguish between skilled 
activities, such as writing, and less skilled activities, such as picking up objects. They found 
that skilled activities were J-shaped and less skilled activities showed a normal distribution. 
1.7.1  The relationship between hand preference and hand performance 
Previous research has found that the relationship between hand preference and performance 
depends on the degree and direction of manual preference, whether the required tasks are 
made with or without a feedback loop to monitor and modify hand motions (Flowers, 1975),  
the type of movement and its complexity (Peters, 1981; Provins, 1967; Steingrueber, 1975), 
practice (Chisnall, 2012), how many and which questions one asks, and which tasks the 
participants are performing (Steenhuis, 1999).  
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Annett (1970) found that the degree of preference correlated with the times taken by 
the two hands to place pegs into close-filling holes, in which the right-handers tended to be 
faster with their right hand, and left-handers to be fastest with their left hand. When subjects 
were grouped according to the degree of hand preference, a strong correlation has been 
repeatedly demonstrated between hand preference classification and hand differences 
in the performance of a peg-moving task (Annett, 1970, 1976). Flowers (1975) also found that 
hand skill depends on the degree of manual preference and adds that the relationship also 
depends on whether the required tasks are made with or without a feedback loop to monitor 
and modify hand motions. Flowers (1975) found that both strongly lateralised left- and right-
handers showed better performance with their preferred hand than less lateralised subjects on 
a visually controlled aiming test. No marked differences between the groups were reported for 
the non-preferred hand. The strongly lateralised subjects also showed larger between-hand 
differences than the less lateralised subjects.   
The direction of preference also seems to influence. Calvert (1998) discovered that, 
when performing an unskilled motor task, left-handers showed greater readiness to use the 
non-preferred hand than right-handers. Steenhuis (1999) found that left-handers were better 
than right-handers with both hands on dot-filling. They also showed that left-handers use their 
non-preferred hand with more proficiency than right-handers on darts, pegboard and dot 
filling.  
Nevertheless, Annett (1970) also found one group of mixed-handers claiming to have 
left-handed tendencies that in fact were right-handed on criteria of skill. However, Steenhuis 
(1999) did not find any gender differences in skill, use or manual preference besides the 
expected strength differences. Annett (2002) agrees to that there is no obvious sex differences 
among left-handers in peg moving. However, Annett found that right handed females are 
more strongly biased to right-handedness than males, which mean that they usually have a 
stronger right hand preference than males.  
The task’s level of complexity is found to influence the relationship between 
preference and performance (Peters, 1981; Provins, 1967; Steingrueber, 1975). Steenhuis and 
Bryden (1989) identified skilled and less skilled activities as two types of activities. Steenhuis 
(1996, as sited in 1999) states that the skill level of a task is an important factor in 
determining whether strong preferences and skill differences emerge, independent of whether 
one is considered a right- or left-hander.  
 Also, the type of movement might influence. Certain tasks both provoke a stronger 
hand preference, and are faster and more accurately performed with the preferred hand. A 
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complete understanding of the principles behind is currently lacking. When measuring 
prehensile power Adamo and Taufiq (2011) found that some women and men have better 
performance with their non-preferred hand. Previous research has mostly studied grasping 
tasks with one object at a time (Bryden & Roy, 2006; Sacrey, Karl, & Whishaw, 2012), and 
the knowledge on bimanual tasks and tasks demanding simultaneous bimanual hand use are 
currently insufficient (Stone et al., 2013). Bimanual object interaction requires a division of 
labour between the hands, of which the hands have unique complementary roles, which cover 
certain functions. Therefore, the brain has to choose the main hand (Adamo & Taufiq, 2011; 
Stone et al., 2013). Also, the brain has to choose a main hand in bimanual object interaction 
(Johansson et al., 2006; Theorin & Johansson, 2010).  
 When studying bimanual tasks, Gonzalez, Whitwell, Morrissey, Ganel and Goodale 
(2007) found that right handed individuals show a preference for the preferred hand when 
picking up objects, while left handers use both left and right hand. That is, left handed 
individuals use their non-preferred hand about half the time. Also, left-handers show less 
performance differences between the hands (Steenhuis, 1999; Stone et al., 2013), and usually 
show better performance with non-preferred hand when compared to right-handers.  
1.8 Shortcomings of previous research 
The majority of previous studies have consciously minimised variability in the questionnaires. 
Firstly, they have excluded diversity by having few categories. It is reasonable to assume that 
this has affected the scientific field of handedness in at least two ways, namely the 
interpretation of the underlying mechanisms of handedness, and how consistency is 
considered. Previous studies (e.g. Richardson, 1978) have come up with a single factor 
underlying hand preference. However, this finding is most likely a result of the use of a small 
number of left-handers and few items. 
 Dragovic (2004b) showed that the EHI contains items which are almost singular, such 
as writing and drawing. Excluding such items increases the internal consistency and improves 
the validity. Hence, the result is problematic for the continuously preference assessment. 
According to Dragovic (2004a), the majority of existing handedness questionnaires lack valid 
criteria of classifying people’s continuous hand preferences into a limited number of groups, 
which affect the results. Milenkovic and Dragovic’s (2013) modified version of the EHI 
classifies less people into the mixed-handedness category than the original version, hence 
gradually contributing to a return of a dichotomous preference variable.  
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 Secondly, the questionnaires have partially or totally dismissed bimanual tasks. Broom 
and opening box are items of the EHI, which are considered as problematic, due to low 
amounts of shared variance with the handedness construct (Milenkovic & Dragovic, 2013). 
These items have been described as items that should not be used in any handedness 
questionnaire, due to their marginal contribution to the measurement construct (Milenkovic & 
Dragovic, 2013),  insignificance (Peters, 1990), and lack of loading to the primary handedness 
factor  (McFarland & Anderson, 1980).  
 Thirdly, the most frequently used questionnaires, such as the EHI, are specially 
designed to find and favour right-handedness. In the 10-item version of the EHI, which is 
used in this study, three of ten items (writing, scissors, and knife without fork) are intrinsically 
right-handed. This means that the tools used in these activities are designed for right-hand use 
(e.g. the cutting edge is on the left side of the knife) (Healey et al., 1986).  
 Fourthly, the research has generally omitted left-handers (Willems et al., 2014). The 
reasoning for excluding left-handers is that a sample including them will increase the 
between-subjects variance and thus reduce the statistical sensitivity. However, by excluding 
left-handers one is also eliminating variability and creating a more homogenous sample than 
is found in reality. Nevertheless, a paradox arises from the fact that several studies aim to 
assess whether individual differences are due to genetic variation, although they are excluding 
left-handers to improve homogeneity (Willems et al., 2014).  
 With these notions in mind, an important goal of the current study is to study the 
variability in hand preference and hand performance.   
1.9 Hypotheses   
Based on previous research it is expected to find the following in the handedness 
questionnaire: (1) A stronger preference for skilled activities requiring accuracy, strength or 
velocity (e.g. writing), than less skilled activities (e.g. opening box), (2) right-handers to have 
a stronger right-hand preference than left-handers have for their left-hand, (3) greater 
preference variability between left-handers than right-handers, and (4) less pronounced 
preference in bimanual tasks than for unimanual tasks.  
 The following is expected of the fine motor tasks: Skills in one task might to a certain 
degree have transferable value. In general, practice makes perfect. However, teaching one 
skill might increase the efficiency of learning similar activities (Stensdotter, 2008). Based on 
this, it is expected to be low intercorrelations of various skill types, which indicate that they 
measure different aspects of handedness, the correlation is expected to be weak. If, on the 
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other hand, the tasks belong to the same ability, and the skills are not task-specific, there is 
expected to be high intercorrelations between the tasks (Haga et al., 2008). It is expected to 
find positive but weak correlations between the tasks. If preference reflects how much 
training a person gets with each hand, it is expected to find that (1) participants with strong 
preferences have correspondingly larger between-hand performance differences and (2) left-
handers to show less between hand differences.   
 The following are expected in the relationship between bimanual preference and 
bimanual performance: (1) BI preferences to correlate with between-hand differences in fine 
motor tasks, (2) right-handers to show more between-hand differences than left-handers, (3) 
left-handers to have less between hand differences than right-handers, and (4) a strong 
correlation between the composite score of the bimanual items (BI) and bimanual 
performance. 
 To address the issue of the relationship between hand preference and performance, one 
experiment was conducted using a questionnaire of 30 items asking for both unimanual and 
bimanual hand preference, and five fine motor tasks addressing between hands performance 
differences. In the Darvik Handedness Questionnaire, the participants answered items from 
the EHI and several bimanual items on a scale ranging from (1) left always, (2) left usually, 
(3) equally often, (4) right usually or (5) right always. Both the response format and 
instructions were modified for the purpose of the study. The following tasks were conducted 
to address hand performance: Posting coins (PC), placing bricks (PB), threading nuts on a 
bolt (TN), building bricks (BB), and threading beads (TB). The performance times were 
documented for each hand in each task. 
 The current study has three principal objectives. The first aim is to examine right-and 
left-handers unimanual and bimanual hand preference by using Darvik Handedness 
Questionnaire, a questionnaire constructed for the purpose of the study. The second aim is to 
explore right- and left-handers between hand performance differences, using five fine motor 
tasks requiring the use of both hands, and the last aim is to determine the relationship between 
bimanual hand preferences and bimanual hand performance.  
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2 Methods and procedures  
2.1 Participants 
60 self-reported right-handed individuals (30 males) and 14 self-reported left-handed 
individuals (7 males) from The Norwegian University of Science and Technology (NTNU) 
participated. Participants between the ages of 19 and 32 participated (mean 23.64). All 
participants gave oral informed consent before participating in the study. Participants were 
naïve to the purpose of the study.  
2.2 Apparatus and stimuli  
2.2.1 Darvik Handedness Questionnaire 
A handedness questionnaire was given to all participants (see Appendix 1) before conducting 
the fine motor tasks. The Darvik Handedness Questionnaire includes a 10-item version of the 
EHI (Oldfield, 1971) and several other items obtained from several questionnaires (Beukelaar 
& Kroonenberg, 1983; Elias, Bryden, & Bulman-Fleming, 1998; Oldfield, 1971; Provins & 
Cunliffe, 1972; Provins, Milner, & Kerr, 1982), asking for hand preference for 30 different 
unimanual- and bimanual tasks.  
 Both the response format and instructions were modified for the purpose of the study, 
not using the original instructions or response format for the EHI. The instructions and 
response format that are used are obtained from the Waterloo Handedness Questionnaire – 
Revised (Elias et al., 1998). Possible composite scores for the EHI (items 1-10) range from 10 
for exclusive left-hand use to 50 for exclusive right-hand use. Possible composite scores for 
the BI (items 11-30) range from 20 for exclusive left hand use to 100 for exclusive right hand 
use. The original items were given in English, and translated into Norwegian for the purpose 
of the study.   
2.2.2 Fine motor tasks 
Five different fine motor tasks were used for the experiment. Posting coins, threading nuts on 
a bolt and threading beads were obtained from the Movement ABC (Henderson, 2007), and 
the procedures for placing bricks and building bricks were obtained from Leversen, Haga and 
Sigmundsson (2012). Apparatus used for the placing bricks task was inspired by Stone et al. 
(2013). All of the tasks were conducted with the following two conditions, RA condition, 
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where left hand provided stabilisation of the object, and right hand performed the active 
component, and LA condition, where right hand was passive, and left hand active.  
 Posting coins involves a penny-box (87 x 74 x 58 mm) with an opening for coins (40 x 
5 mm) and 12 coins made of plastic (27 mm in diameter). Placing bricks involves the use of a 
LEGO®-board with room for 32 LEGO®-blocks (8 x 4 blocks, 128 x 128 mm) and 32 
LEGO®-blocks (31 x 15 x 12 mm). In threading nuts a on bolt, a bolt with a fixed end nut 
and three separate nuts were used for the experiment. Building bricks involves the use of 12 
small, square Duplo®-blocks, and 12 cube-shaped pearls and a thread with a fixed end piece 
were used in threading beads.  
2.3 Procedures 
2.3.1 Darvik Handedness questionnaire 
The participants were asked to indicate which hand they habitually use for each of the listed 
activities by marking with a cross on a scale of left always (1), left usually (2), equally often 
(3), right usually (4) and right always (5). Each response was scored as (1, 2, 3, 4, or 5), and a 
total score was calculated by adding all values. Left / right always indicate the use of the hand 
95 percent of the time or more often, left/right usually refers to the use of the hand 75 percent 
of the time, and equally often indicate that each hand is employed about 50 percent of the 
time.  
2.3.2 Fine motor tasks 
Participants were seated in front of a table with the apparatus placed in their midline, with a 
Golden Gaming mouse pad (400 mm x 300 mm) beneath. Performance was assessed by the 
time to complete each individual task, and was recorded by the investigator using a Géonaute 
mtd 300 stop watch. The apparatus for each task were placed to the side corresponding to the 
active hand, which, for instance, means penny-box to the left and coins to the right for the RA 
condition and vice versa for the LA condition. In order to control for the possible effects of 
order of conditions, the order of the administration of the two conditions were 
counterbalanced across participants, independent of self-reported handedness. 
 In posting coins, the penny-box was placed with the short side facing the participant 
on the side corresponding to the passive hand. The coins were placed in four stacks in a 
square-formation, consisting of three coins each, with approximately two and a half 
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centimetres between the columns and rows. The participants were using the passive hand to 
stabilize the box and the active hand to pick up one coin at a time and place them in the box. 
The participants were given one trial for each condition, consisting of six coins.  
 In placing bricks, a LEGO-board was placed to the side corresponding to the passive 
hand. 32 LEGO-blocks was placed in rows (8 x 4). The participants were instructed to pick up 
one block at a time and attach it to the board, side by side. No pattern was acquired or further 
instructions were given. The participants were given one trial for each condition, consisting of 
eight LEGO-blocks.  
 In threading nuts a on bolt, the bolt was placed on the mat with the end facing the 
participant, with the nuts in a horizontal line from the bolt. The participants were given one 
trial for each condition, consisting of one nut.  
 In building bricks, 12 Duplo-blocks were placed on the mat in the participant’s 
midline, in rows (4 x 3). The participants were instructed to pick up one block at a time and 
build it as a simple tower in the passive hand, which means neither hands resting on the mat.  
 In threading beads, 12 square-shaped pearls were placed in a horizontal line, with the 
holes facing upwards. The thread was placed below the pearls. The participants were given 
one trial for each condition, consisting of three pearls.  
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3 Results 
3.1 Hand preference 
The first aim of the study was to examine right-and left-handers unimanual and bimanual 
hand preferences by using Darvik Handedness Questionnaire, constructed for the purpose of 
the study. The mean composite preference score for each self-reported handedness group were 
calculated for the EHI items (items 1-10) and the bimanual items (items 11-30) of Darvik 
Handedness Questionnaire, and the average percent of total possible score for each group are 
given in table 1. As can be seen right-handers have a stronger preference than left-handers in 
both the EHI and the BI, and both groups show a stronger preference in the EHI than the BI. 
The left-handers have an average total EHI score in the range of 10 to 34 (mean 17.54). The 
right-handers are in average scoring in a range of 34 to 50 (mean 46.38) out of the possible 
maximum score. The difference between the groups is significant (U=,500, p<0,01; t 
(71)=21,91, p<0,01). The right-handers show more variance in the bimanual items, and have 
an average total score range of 59 to 100 (mean 89.29). The left-handers score in the range of 
20 to 79 (mean 40.79) out of the possible maximum score. 
 
Table 1 
Right- and left-handers’ composite average scorings of possible maximum score of 50 
(extreme right) or 10 (extreme left) on the EHI and the BI  
 Right-handers  Left-handers  
EHI 92,76 84,92 
BI 89,29 79,21 
 
3.1.1 The Edinburgh Handedness Inventory  
The mean scoring distribution of each single EHI item was calculated to study right- and left- 
handers, and is given in table 2 for the right-handers and table 3 for the left-handers. As can 
be seen, the left-handers show more variance across the items than the right-handers.  
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Table 2 
Distribution of right-handers’ scorings on the single items of the EHI in percent 
 Left always Left usually  Equally often Right usually  Right always 
Writing     1.7 98.3 
Drawing     1.7 98.3 
Throwing     28.3 71.7 
Scissors   1.7  21.7 76.6 
Toothbrush  1.7  6.7 31.7 60.0 
Knife 
(without 
fork) 
1.7  1.7 20.0 76.7 
Spoon     28.3 71.7 
Broom 
(upper hand) 
3.3 6.7 15.0 35.0 40.0 
Striking 
match 
(match) 
  1.7 10.0 88.3 
Opening box 
(lid) 
50.0 21.4 7.1 7.1 14.3 
Cronbach’s alpha: .681 
 
Table 3 
Distribution of left-handers’ scorings on the single items of the EHI in percent 
 Left always Left usually  Equally often Right usually  Right always 
Writing  100     
Drawing  100     
Throwing  42.9 21.4 7.1 7.1 21.4 
Scissors  64.3 14.3  7.1 14.3 
Toothbrush  64.3 21.4 7.1 7.1  
Knife 
(without 
fork) 
57.1 14.3  7.1 21.4 
Spoon  64.3 35.7    
Broom 
(upper hand) 
46.2 23.1 15.4 15.4  
Striking 
match 
(match) 
71.4 7.1 7.1 7.1 7.1 
Opening box 
(lid) 
50.0 21.4 7.1 7.1 14.3 
Cronbach’s alpha: .819 
 
The alpha coefficients for the ten items are suggesting that the items have high internal 
consistency for both groups. A greater alpha coefficient for the items on the left-handed 
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participants indicates that the model has a higher consistency for left-handers compared to 
right-handers.  
3.1.2 Bimanual items 
The scoring distribution of each single BI item were calculated to study right- and left- 
handers and are given in table 4 for the right-handers and table 5 for the left-handers. As can 
be seen, a considerable proportion of the right-handers are reporting a ‘right always’ 
preference, while the majority of the left-handers have a ‘left usually’ preference. The 
difference between the groups is significant (U=7,500, p<0,01; t (71)=15,61, p<0,01). Please 
note that the items thenceforth ‘striking match (box)’ down to and including ‘opening 
envelope’ are reversed in the Darvik Handedness Questionnaire, but are displayed as non-
reversed in table 4 and 5, allowing for a visual interpretation of the items).   
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Table 4 
Distribution of right-handers’ scorings on the single bimanual items of the Darvik 
Handedness Questionnaire in percent  
 Left always Left usually  Equally often Right usually  Right always 
Knife with 
fork  
8.3 5.0 6.7 13.3 66.7 
Scissors   1.7  8.3 90.0 
Needle    1.7 3.4 15.3 79.7 
Hammer   1.7 1.7  10.0 86.7 
Cut bread     6.7 93.3 
Rubber     5.0 35.0 60.0 
Pouring tea 1.7 1.7 6.7 46.7 43.3 
Screwdriver    1.7 40.0 58.3 
Corkscrew   3.3 3.3 25.0 68.3 
Striking 
match (box) 
 1,7 3.3 21.7 73.3 
Dealing 
cards (pack) 
1.7 8.3  23.3 66.7 
Penknife 6.7   36,7 56,7 
Washing  
dishes 
 1.7 1.7 36.7 60.0 
Peeling 
orange 
5.0  15.0 36.7 43.3 
Buttering 
bread 
5.0 1.7 5.0 16.7 71.7 
Opening jar 6.7 3.3 11.7 20.0 58.3 
Peeling 
potato  
 3.3 3.3 21.7 71.7 
Bicycle 
pump 
 5.0 5.0 31.7 58.3 
Opening 
envelope 
1.7 10.0 13.3 36.7 38.3 
Pinning a 
notice  
5.0 6.7 18.3 38.3 31.7 
Cronbach’s alpha: .838 
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Table 5 
Distribution of left-handers’ scorings on the single bimanual items of the Darvik Handedness 
Questionnaire in percent 
 Left always Left usually  Equally often Right usually  Right always 
Knife with 
fork  
7.1  7.1 28.6 57.1 
Scissors  57.1 21.4  7.1 14.3 
Needle   64.3 21.4 7.1  7.1 
Hammer   35.7 35.7 7.1 14.3 7.1 
Cut bread  85.7 7.1   7.1 
Rubber   71.4 14.3 14.3   
Pouring tea 14.3 50.0 28.6 7.1  
Screwdriver  14.3 64.3 7.1 7.1 7.1 
Corkscrew  50.0 28.6 7.1 7.1 7.1 
Striking 
match (box) 
57.1 21.4 7.1 14.3  
Dealing 
cards (pack) 
57.1 28.6   14.3 
Penknife 50.0 35.7   14.3 
Washing  
dishes 
71.4 21.4  7.1  
Peeling 
orange 
35.7 35.7 7.1 14.3 7.1 
Buttering 
bread 
50.0 21.4 7.1 7.1 14.3 
Opening jar 50.0 21.4 14.3 7.1 7.1 
Peeling 
potato  
57.1 28.6  7.1 7.1 
Bicycle 
pump 
50.0 21.4  28.6  
Opening 
envelope 
42.9 28.6 14.3 7.1 7.1 
Pinning a 
notice  
50.0 14.3 14.3 21.4  
Cronbach’s alpha: .940 
 
The alpha coefficients are suggesting that the BI has a higher consistency for left-handers than 
right-handers. 
3.2 Hand performance 
The second aim of the study was to explore right- and left-handers between hand performance 
differences, using five fine motor tasks requiring the use of both hands. Hand performance 
was measured in RA and LA conditions, and the difference between them, and the percentage 
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of this for the right-handers (R) and left-handers (L) in the following fine motor tasks: Posting 
coins (PC), placing bricks (PB), threading nuts (TN), building bricks (BB) and threading 
beads (TB). The between-hand differences are calculated of left hand active (LA) time minus 
right hand active (RA) time. The results are given in table 6. Means and standard deviations 
are reported in seconds. A negative difference indicates better performance with the left hand. 
As can be seen, both groups have a better performance time with their preferred hands, 
corresponding to their self-reported handedness. The left-handers are showing less between 
hands performance differences in all tasks than the right-handers.  
 
Table 6 
Right-handers’ (RH) and left-handers’ (LH) mean performance time in fine motor tasks in RA 
and LA, and the between-hand performance differences in seconds  
 RA LA Diff. Diff. % 
 RH LH RH LH RH LH RH LH 
PC         
Mean 16.59 17.53 18.66 17.44 2.06 -.09 13.60 -.30 
St. d 2.43 1.71 2.84 2.44 2.63 2.06 16.86 12.90 
PB         
Mean 48.27 53.06 55.61 48.38 7.35 -4.68 16.17 -8.79 
St. d 6.57 7.09 7.25 7.43 6.36 4.07 14.60 7.57 
TN         
Mean 15.30 15.29 14.94 12.09 -.37 -3.19 3.49 -17.15 
St. d 5.54 4.27 5.54 4.42 5.79 4.39 33.45 29.60 
BB         
Mean 12.91 13.88 14.03 12.96 1.12 -.93 9.07 -5.11 
St. d 2.08 2.88 2.57 1.98 1.65 2.08 12.76 12.77 
TB         
Mean  29.65 33.42 30.72 31.84 1.07 -1.58 5.41 -2.61 
St. d 6.82 8.17 6.99 5.90 5.81 5.54 19.95 14.53 
 
Correlations between the fine motor tasks were conducted to assess task specificity and are 
given in table 7. As can be seen, significant correlations were found between PC and PB, PB 
and TN and PB and BB. 
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Table 7 
Spearman’s rho of the total percentage differences between RA and LA, independent of self-
reported handedness 
 PC PB TN BB TB 
PC      
Sig.      
      
PB .447**     
Sig. .000     
      
TN .198 .446**    
Sig. .091 .000    
      
BB .131 .397** .132   
Sig. .267 .000 .261   
      
TB .038 .180 .142 -.038  
Sig. .749 .125 .227 .745  
** Correlation is significant at the 0.01 level. 
 
The correlations in table 7 do not consider self-reported handedness, and are dependent upon 
LA time minus RA time. The mean performance time differences between preferred and non-
preferred hand were calculated for right- and left-handers to control for the effect of self-
reported handedness and are given in table 8. As can be seen, the right-handers have more 
between hand differences than left-handers in all tasks except for TN and TB.  
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Table 8 
Distribution of average right- (R) and left-handers’ (L) performance time differences of 
preferred and non-preferred hand in seconds  
Non-preferred hand ÷ preferred hand 
 R L 
PC   
Mean  2.07 .09 
St. d 2.63 2.17 
PB   
Mean  7.35 4.68 
St. d 6.36 4.07 
TN   
Mean -.37 3.19 
St. d 5.79 4.39 
BB   
Mean 1.12 .92 
St. d 1.65 2.08 
TB   
Mean 1.07 1.58 
St. d 5.81 5.54 
 
Correlations based on the difference between preferred and non-preferred hand were 
conducted to examine the effect of self-reported preference and are given in table 9.  
 
Table 9 
Spearman’s rho of the differences between preferred and non-preferred hand, considering 
self-reported handedness  
 PC PB TN BB TB 
PC      
Sig.      
      
PB .340**     
Sig. .003     
      
TN .014 .291*    
Sig. .906 .012    
      
BB .063 .245* -.009   
Sig. .593 .035 .942   
      
TB .008 .139 .148 -.053  
Sig. .947 .236 .209 .656  
* Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level. 
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3.3 The relationship between hand preference and performance  
The last aim of the study was to determine the relationship between bimanual hand 
preferences and bimanual hand performance. Correlations between right-and left-handers 
composite average BI score and fine motor tasks were conducted to assess the relationship 
between hand preference and performance, and are given in table 10. As can be seen, the 
correlations are positive and significant (p<0.05).  
 
Table 10 
Spearman’s rho of the composite BI score and the  total differences of the fine motor 
performance tests in right-and left-handers 
BI total Total % diff. of tests 
Right-handers .314* 
Sig. .016 
Left-handers .541* 
Sig. .046 
*Correlation is significant at the 0.05 level.   
A scatter plot was conducted to assess the relationship between hand preference in the BI and 
hand performance differences in bimanual fine motor tasks and are given in figure 1. As can 
be seen, more strongly lateralised subjects show larger between-hand differences, as indicated 
by higher BI values. It also shows that the right-handers have more skill differences than the 
left-handers. The majority of the left-handers have a negative total percentage difference in 
the fine motor tasks, which confirms that they have a better performance with their left hand. 
In the opposite case, the majority of the right-handers have a positive total between hand 
differences, indicating better performance with the right hand.  
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Figure 1 
The relationship between bimanual hand preference and hand performance in right-and left-
handers 
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4 Discussion  
Handedness research has usually attempted to exclude variability by having few categories, 
excluding singular and bimanual items, favouring right-handers and omitting left-handers. 
Steenhuis (1999) suggested that the distributions of hand preference and hand performance 
are dependent on which and how many questions one asks, and which tasks the participants 
are doing. This implies that you get what you measure. By embracing the sources of 
variability which has frequently been constrained, the current study aims to argue that there is 
larger variability in both hand preference and hand performance than previously has been 
suggested.  
 The main findings were that right-handers show a stronger preference for their 
preferred hand in both the composite score of the Edinburgh Handedness Inventory (EHI) and 
the bimanual items (BI) of Darvik Handedness Questionnaire, while the left-handers in 
general show greater variability. However, both groups show greater variability if the single 
items of Darvik Handedness Questionnaire are considered. Furthermore, both right- and left-
handers were found to have better performance with their preferred hand. The right-handers 
had more between-hand performance differences than the left-handers. The results also show 
a positive significant correlation between the BI preferences and between-hands performance 
differences in bimanual fine motor tasks, and that the more strongly lateralised subjects show 
larger between-hand differences, as indicated by higher BI values 
4.1 Self-reported handedness  
The results suggest that the majority of the participants are considering themselves as right-
handed. Although, less people reported right-hand preference than expected based on the 9:1 
distribution previously reported (Adamo & Taufiq, 2011; Cavill & Bryden, 2003; Ooki, 2014; 
Scharoun & Bryden, 2014; Willems et al., 2014), it is reasonable to assume that this is within 
what one should expect. A couple of participants were recruited for being left-handers 
towards the end of the data collection in order to obtain a reasonably proportion of left-
handers.  
4.2 The Edinburgh Handedness Inventory 
The results of the EHI show that right-handers have a strong right-hand preference, and that 
the left-handers have an equally strong left-hand preference in some items. Generally, the left-
handers are more willing to report other preferences than left always, hence showing more 
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inconsistency in hand preference. This is consistent with other research (e.g. Crovitz & Zener, 
1962).  
 There are at least three aspects of the results from the EHI which should be given 
attention. Firstly, some tasks provoke a stronger hand preference than others, and that some 
tasks cause more within-subjects differences. Secondly, both right- and left-handers are 
showing similar preference distributions in tasks that have previously been argued excluded 
by for example Dragovic (2004b) to avoid variability. Thirdly, left-handers show a strong left-
hand preference in tasks favouring right-handers, such as scissors and knife without fork (see 
tables 2 and 3). 
 The right-handers show particularly strong right-hand preference for writing, drawing, 
scissors, knife without fork and striking a match. The strong right-hand preference for scissors 
is consistent with previous findings (e.g. Perelle & Ehrman, 1994), even though Perelle and 
Ehrman (1994) reported a greater proportion of right-handed writers using right hand when 
using scissors. The left-handers show a strong left-hand preference for writing, drawing and 
striking a match as well, but are expressing more variability for scissors and knife without 
fork. Perelle and Ehrman (1994) found similar results for left-handed writers’ preferences for 
their left hand when using scissors.  
 Interestingly, over 20 percent of the left-handers show a strong right-hand preference 
for throwing. This finding is not that surprising considering Annett (1970). Annett (1970) 
found one group of mixed-handers who claimed to have left-handed tendencies, but were 
right-handed on criteria of skill. Consistent with this, Perelle and Ehrman (1994) found that 
almost 30 percent of left-handed writers are using their right hand for throwing. It is 
reasonable to believe that this may be a result of cultural pressure (Llaurens et al., 2009). 
Llaurens et al. (2009) claimed that cultural and environmental factors may affect or change 
hand preference by inducing pressure on hand preference for certain but not all tasks. An 
example of such is that left-handed children were forced to switch their writing hand until a 
few decades ago (Siebner et al., 2002).  
 There is nothing novel about the discovery of certain items provoking less strong 
preference than others. As has previously been shown, Steenhuis and Bryden (1989) 
categorised motor activities into skilled and less skilled activities, and respectively showed 
that skilled activities, such as tasks requiring manipulation of an object or a tool, provoke 
stronger preferences for the preferred hand than less skilled activities, such as picking up an 
object.  
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 Items in which both right- and left-handers show more variance are broom (upper 
hand) and opening box (lid) (see tables 2 and 3). Interestingly, half of the right-handers 
actually have a strong left-hand preference in opening box. It is also worth noting that the 
right-handers’ distribution of this item is the exact same as the left-handers’. The cause of this 
is uncertain, but having in mind that half of the right-handers have a left-hand preference for 
this item, it might be explained by at least one of four factors. Firstly, the result might be a 
result of the labour between the hands. Bimanual object interaction constantly requires a 
division of labour between the hands (Adamo & Taufiq, 2011; Stone et al., 2013). Usually the 
preferred hand is chosen for the active or complex part of the task (Bryden et al., 2000). This 
indicates that stabilising the box is perceived as the complex part of the activity, thus using 
the left hand for opening the lid is a result of using the right hand to hold the box. 
Nevertheless, this cannot explain why they show the same preference distribution as left-
handers. Secondly, not all tasks provoke an equally strong hand preference (Steenhuis & 
Bryden, 1989). The preferred hand should have an advantage in performing complex tasks 
(Steenhuis & Bryden 1999), but if the task is rather simple, the preference might be more 
inconsistent.  
 Thirdly, broom and opening box are items which have gained criticism for having a 
unacceptably low amount of shared variance with the handedness construct (Milenkovic & 
Dragovic, 2013). According to Milenkovic and Dragovic (2013), preferences in broom and 
opening box are found to be a benign reflection of the environment rather than a genuine hand 
choice. This seems like a rather unlikely explanation for why both right- and left-handers 
show the exact same distribution, keeping in mind that both the broom and box lid are 
unbiased with respect to the direction of hand preference.  
 The last and probably most likely explanation is that right-handers might have a 
tendency to misunderstand the items, or to report a preference inconsistent with observed 
preference (Fazio et al., 2012). Fazio et al. (2012) found that right-handers were more 
vulnerable for taking their majority handedness status for granted and assume that right-
handedness is right-handedness, hence paying less attention to the instructions of handedness 
questionnaires than left-handers. This also demonstrates the fact that preference measures are 
dependent on the participant’s interpretation of the questions, as Bryden, Bulman-Fleming, M. 
Barbara, MacDonald, Valerie (1996) emphasise. 
 Scissors and knife without fork are tasks that clearly favour right-handers (Healey et 
al., 1986). Nevertheless, the majority of the left-handers still have a strong left-hand 
preference for these tasks. Based on Steenhuis and Bryden (1989), this might be a result of the 
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complexity of the task, thus requiring such level of difficulty in which should be performed 
with the fastest and most accurate hand.  Thus, it seems like the tasks’ level of difficulty 
affects the hand preference, hence overriding the intrinsically right-handed nature of the tasks.  
4.3 Bimanual items of the Darvik Handedness Questionnaire 
The results of the BI show that both right- and left-handers are showing more variability in 
the BI than in the EHI. The items knife with fork, cut bread and buttering bread have the use 
of knife in common, and the results of these particular items are worth giving some notice. It 
should be noted that buttering bread is a reversed item, originally asking for the hand holding 
the slice of bread (table 5 shows the reversed items as non-reversed, to allow for a direct 
visual interpretation of the items).   
 The majority of the right-handers show a strong right-hand preference for knife with 
fork, but an even greater proportion would use their right hand when buttering bread. 
Moreover, almost all of the right-handers have a strong right-hand preference for cut bread. 
The left-handers show a similar pattern for their left hand on the items cut bread and buttering 
bread, but with a smaller proportion demonstrate a strong preference, even though these tasks 
are intrinsically right-handed.  
 There are several other intrinsically right-handed tasks in the BI. Scissors, 
screwdriver, corkscrew, penknife, opening jar and peeling potato also favours right-handers 
(for a description of this, see Healey et al., 1986). Interestingly, about half of the left-handers 
still show a strong left-hand preference for almost all of these tasks. This means that many 
left-handers choose to use their preferred hand even when it is inconvenient. To the author’s 
best knowledge, there is far too little knowledge about left-handers’ preferences and 
performances in intrinsically right-handed tasks, which should be taken into consideration in 
further research.  
 The right-handers are displaying strong preference at a similar proportion or more than 
Steenhuis and Bryden (1989) found for skilled activities, in scissors, needle, hammer and cut 
bread. The left-handers are only showing a correspondingly strong preference for cut bread. 
This means that the right-handers are showing less variability across the bimanual items 
compared with the left-handers, which indicates that left-handers avoid giving extreme 
preference responses. In other words, they are more willing to give a “usually”-response. 
Therefore, it could be argued that the questionnaire itself can exaggerate the differences 
between left- and right-handers. This is supported by the finding by Fazio et al. (2012), who 
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found that right-handers report more extreme preferences and pay less attention to the 
instructions of the questionnaires.   
4.4 Comparison of the Edinburgh Handedness Inventory and the bimanual items 
The results suggest that both right- and left-handers have strong preferences for their preferred 
hand in both the EHI and the BI. The right-handers’ preferences are more consistently strong 
across the EHI and the BI than left-handers’ (see table 1). When comparing the EHI and the 
BI, there are at least three aspects worth noting, namely the modification of tasks, making 
unimanual tasks bimanual, wording effects and the direction of the question (original/revised).  
 The preference for knife without fork is requested in EHI. The BI also asks for 
preference for knife with fork, cut bread and buttering bread. The results indicate that the 
right-handers have a stronger right-hand preference for knife without fork than knife with fork. 
In other words, right-handers get a weaker preference in the transition from the unimanual 
task to the bimanual task. Interestingly, the left-handers show the same distribution of strong 
preference across the two items, but the direction of the preference is reverse across the items. 
For knife without fork, the majority of the left-handers show a strong left-hand preference, but 
in knife without fork, the same amount show a strong right-hand preference. Both tasks are 
intrinsically right-handed. A right-hand preference for knife with fork may be due to cultural 
pressure for eating habits. Such pressure becomes especially apparent in in the Middle East, 
where one might get punished for eating with the wrong hand (Perelle & Ehrman, 2005). This 
might also be due to labour between the hands (Adamo & Taufiq, 2011; Stone et al., 2013). 
 Both the EHI and the BI are asking for the participants’ preference in the use of 
scissors, thus the results of the items show different distributions. The right-handers are 
showing a stronger right-hand preference for scissors in the BI than in the EHI, while the left-
handers are showing the opposite. It seems reasonable that wording effects might be 
responsible for the difference between the EHI and the BI. The EHI is asking for scissors, and 
the BI asks explicitly for scissors when cutting paper. Increased requirement of precision in 
the BI might increase the level of difficulty, thus explaining the right-handers increased 
preference. However, this cannot explain why left-handers do not share this pattern. It is also 
worth noting that several of the participants indicated that they recognised the item in the BI 
from the EHI items when answering the questionnaire, thus turning the page to find their 
earlier response. The left-handers show less between-item preference differences compared 
with right-handers, which is inconsistent with earlier reported findings.  
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 Left-handers have previously been shown to have lower within-subject consistency in 
hand use for particular tasks (Chisnall, 2012). This inconsistency in findings can be a result of 
the use of different measures. As Steenhuis (1999) argued, what you get depends on what you 
measure. Low between-items differences in the current study might be due to left-handers 
paying more attention to their handedness as an oddity, hence being more aware of their 
preferences, as Fazio et al. (2012) noted.  
 Striking a match is also an item in both the EHI and the BI. The EHI is asking for the 
active hand, the hand holding the match, while the item is reversed in the BI, asking for the 
hand holding the box. Interestingly, the majority of the right-handers respond to always 
holding the match with the right hand in the EHI, which is consistent with Perelle and Ehrman 
(1994), but a smaller proportion of them are having the same strong preference for the left 
hand in the BI. On the other hand, the left-handers are neither showing much consistency, 
displaying a similar pattern. The proportion of strong left hand preference for left-handers in 
EHI is consistent with Perelle and Ehrman (1994), who found that around 70 percent of the 
left-handed writers use their left hand when striking a match.  
 However, the fact that the preference for the same task in the EHI and the BI do not 
coincide is puzzling. This might be a result of wording, poor memory of own preferences or 
insufficient detection of having seen the item earlier in the questionnaire. It might again be 
due to paying too little attention to the instructions, as Fazio et al. (2012) state as a problem of 
questionnaires. It is evident that these kind of questions need more attention in future 
research.   
4.4.1 Implications of the findings for the measurement of hand preference 
It has been shown that which type of question is asked, whether the items are unimanual or 
bimanual, wording of items and the direction of the questions are affecting the results of hand 
preferences in both right- and left-handers. The results of Darvik Handedness Questionnaire 
suggest that future research should be aware of how methodological decisions, such as the 
choice of instructions, response format and items influence the results of hand preference. 
Without methodological consciousness and transparency, one might end up with results that 
are results of the measurement instead of obtaining new knowledge about the population.   
  The results suggest that both right- and left-handers have strong preferences for their 
preferred hand in both the composite score for the EHI and the composite score for the BI, but 
the results also show that both groups show more variability across the single items of the 
Darvik Handedness Questionnaire. This implies that they display a bimodal distribution for 
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the composite scores, but show more variability in the single items. Therefore, it seems 
reasonable to argue that such composite handedness scores might lack the sensitivity for 
obtaining the variability in hand preference. As Fazio et al. (2012) argued, the questionnaire 
itself can exaggerate the differences between right- and left-handers.  
 However, the current study also implies that how the data is analysed might also be 
crucial for the conclusions that are drawn. This is evident in items which have been 
previously excluded (e.g. Dragovic, 2004b). Even though the items broom and opening box 
have gained criticism for being notoriously unreliable (Ransil & Schachter, 1994) and having 
marginal contribution to the handedness contract (Dragovic, 2004b), one should have in mind 
that these items have been excluded for not loading into a unimanual handedness construct. It 
seems reasonable to argue that the lack of loading comes to no surprise, given that bimanual 
tasks demand a division of labour between the hands, which might be influenced by other 
factors than only the task itself. Although broom and opening box have been reported to not 
load to a unidimensional construct, the results of the current study suggest that such items are 
important in the understanding of the variability in human handedness. By excluding such 
items, one eliminates a dimension in human handedness that unimanual tasks cannot measure. 
One should be aware that many of the everyday tasks are bimanual, and that human 
handedness might not be as clear-cut as previous research has reported.  
 Furthermore, the results support the notion of Edlin et al. (2015), that the common 
misuse of preference questionnaires are methodologically careless, and are likely to prevent 
the development of coherent, stable bodies of scientific knowledge. Hence, it might be time to 
challenge the notion that handedness inventories are the most reliable method in measuring 
hand preference (Kushner, 2013).  
 The results also imply that wording and the direction of the questions have 
consequences for hand preference in both right-and left-handers, although it seems like the 
groups are affected differently. This indicates that further research should pay attention to 
how different groups respond to hand preference in questionnaires.  
4.5 Fine motor task performance 
There are three aspects especially worth noting regarding the results of the fine motor tasks, 
which are the relatively weak correlations between the tasks, both right- and left-handers 
perform better with their preferred hand, and left-handers have less between-hand 
performance time differences than right-handers, as expected.  
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 Both right-and left-handers perform better with their preferred hand. The results also 
indicate that the right-handers have larger between-hand differences than left-handers on all 
tasks except for TN. TN is strikingly the only intrinsically right-handed task. Less between-
hand differences for left-handers might be explained with the fact that left-handers often have 
to use their non-preferred hand, living in a “right-handed world” (Coren, 1989). In other 
words, left-handers usually get more practice with their non-preferred hand.  
 The different tasks are also shown to produce between hand differences in varying 
degrees. It is shown, for instance, that right-handers have a considerably greater mean time 
difference between RA and LA in placing bricks (PB) than building bricks (BB). This is 
confirmed by low correlations between the tasks (see table 7). Haga et al. (2008) also found 
low correlations between some of the same tasks from the Movement ABC. This is further 
supported by findings of low intercorrelations between placing pegs, placing bricks, and 
building bricks in young adults (Lorås & Sigmundsson, 2012). 
 Steenhuis and Bryden (1989) found that performance differences are increasing with 
task complexity. Thus, it can be assumed that different mean performance times in the 
different tasks are a result of the tasks’ level of difficulty. The reason why right- and left-
handers do not share which tasks that they have the most and least performance differences, 
might be due to the fact that left-handers usually get more training with their non-preferred 
hand. Moreover, Gonzalez et al. (2007) found that left-handed individuals use both left and 
right hand when picking up objects, and that they actually use their non-preferred hand about 
half the time, hence providing them with more task specific training with non-preferred hands. 
Furthermore, this is confirmed by Steenhuis and Bryden (1989), who found that left-handers 
use their non-preferred hand with more proficiency than right-handers in specific tasks. 
4.5.1 Implications of the findings for the measurement of hand performance 
The current study shows that future handedness research should include performance 
measures of handedness, as they generate unique information about human handedness. The 
results show that it is important to be aware that right-and left-handers are performing 
differently on bimanual performance tasks, and gives further support for previous findings of 
performance differences between the groups.  
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4.6 The relationship between hand preference and hand performance  
The results show that bimanual handedness varies in both the direction and degree, also 
suggested by Edlin et al. (2015). There is a positive correlation between the BI and the total 
between-hand differences in the fine motor tests for both right- and left-handers, which 
indicates that variability of bimanual hand preferences correlates with the variability of 
bimanual hand performance.  
 Previous studies have reported strong correlations between self-reported hand 
preference and performance (e.g.  Annett, 1976; Bryden et al., 2000; Peters & Durding, 1979), 
which was confirmed by the current study.  
 The current results also show that the composite BI score correlates with the total 
between-hand differences in fine motor tasks, in both right-and left handers. This is in 
agreement with other research, for instance Annett (1970), who reported that the degree of 
preference correlated with performance times in placing pegs into close-filling holes. Annett 
(1970) found that both right- and left-handers tended to be fastest with their preferred hand, a 
result that has also been demonstrated in other studies (e.g. Annett, 1976). It is also worth 
noting that the correlation between preference and performance is considerably higher for the 
left-handers than the right-handers.  
 The right-handers were also found to have more between-hand differences than the 
left-handers. This fits well with earlier findings that right-handers have a stronger right-hand 
preference than left-handers have a left-hand preference (e.g. Bryden, 1977; Chisnall, 2012; 
Crovitz & Zener, 1962; Papadatou-Pastou et al., 2013). The current study also shows that the 
more strongly lateralised subjects show larger between-hand differences, as indicated by 
higher BI values (see figure 1). This finding is confirmed by Peters (1998), and Flowers 
(1975) has also suggested this.  
4.6.1 Implications of the findings for the relationship between hand preference and hand 
performance  
The current results suggest that future research should allow for larger variability when 
studying the relationship between hand preference and hand performance. To the author’s best 
knowledge, the current study is the first study which studies bimanual handedness to this 
extent. The results imply that it is reasonable to use other preference items than the EHI items 
in the study of the relationship between bimanual hand preference and hand performance. 
Therefore, it seems reasonable to argue that further handedness research should obtain 
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measures adjusted for the purpose of the study, instead of taking the shortcut by using the 
EHI. Although the EHI is the most used handedness questionnaire and is easily accessed, 
other preference measures might be more suitable when assessing the continuous relationship 
between hand preference and hand performance on bimanual tasks.   
 To the author’s best knowledge, no other study has examined handedness from 
unimanual to bimanual hand preference, hand performance in several tasks, as well as the 
relationship between hand preference and hand performance. This study may be regarded as 
novel, by the in-depth examination from unimanual to bimanual handedness. Moreover, the 
current study has not only generated new knowledge about bimanual handedness, but has also 
indicated that both how preference is measured and analysed are affecting the results. 
Furthermore, the study has designed a new questionnaire to the purpose of obtaining 
important variability in bimanual handedness. In other words, it has both provided a new 
measurement of hand preference, a new combination of performance measures, as well as 
making use of these to find out more about human handedness.   
4.7 General discussion 
As noted in the beginning, previous research has had some shortcomings when studying 
handedness. The current study has aimed to explore such debated variability, by being aware 
of how it is usually minimalized.  
 According to Willems, Van der Haegen, Fisher and Francks (2014) there are two ways 
to include left-handers, in which one could include left-handers in a number corresponding to 
their roughly 10 percent occurrence, or by having a group of left-handers especially targeted 
to compare them with right-handers. The latter one is not widely used. In the current study, 14 
of 74 participants are left-handed, which is almost 19 percent. Thus, the sample includes too 
many left-handers to correspond to the 10 percent found in the population and too few to 
adequately compare them to right-handers.  
 One of the goals was to avoid few categories and emphasise continuous hand 
preference. By including items previously excluded to avoid variability and adding bimanual 
items, the study succeeded in maintaining the multidimensionality of hand preference, hence 
paying more attention to the variability in consistency or degree of handedness, as Edlin et al. 
(2015) are suggesting that further research should do.  
 As we have seen, some of the commonly used items, such as scissors, knife and 
screwdriver are intrinsically right-handed tasks (Healey et al., 1986). The author has chosen 
not to exclude such items. Intuitively, it may seem advisable to eliminate such items. 
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However, given that many of the tools used in everyday life are designed for right-handers, 
such items can obtain important information about left-handers everyday performance. If the 
questionnaires exclude all such items, one might get a more unrealistic picture of the 
differences between right- and left-handers. Therefore, it seems reasonable to argue that one 
should be aware that such items are bias instead of trying to eliminate them.  
 The Darvik Handedness Questionnaire has been constructed for the purpose of the 
study, and is the first study to assess it. The items were obtained from different sources 
originally written in English. The items were translated into Norwegian for the purpose of the 
study. To the author’s best knowledge, the bimanual items have not been translated to this 
extent in other research. Translation patterns may influence the participants’ responding. It 
remains to determine the effect of this. The main strength of the questionnaire, however, is 
that it is containing so many bimanual items. The author is not familiar with any study to this 
date which specifically studies bimanual preferences to this extent.  
 The current study has examined the results of allowing variability in the study of 
bimanual hand preference and performance. The results suggest that the variability in both 
hand preference and performance are larger than previously shown. This notion indicates that 
it is reasonable to suggest that future research should study handedness without the constraints 
of minimising variability. Furthermore, by excluding variability, one is both constraining the 
data collection and the significance of the data.  
4.8 Directions for future research  
The results of the current study suggest that wording and the direction of questions have 
implications for hand preference in both right- and left-handers. Therefore, future research is 
suggested to scrutinise the version of the handedness questionnaire that is being used. The 
background for methodological decisions should be emphasised in order to obtain sincerity 
about the data and the conclusion drawn from these. It is important that further research 
reviews questions about response formats, instructions and items in order to avoid false 
conclusions or confirm false theory. Future research should also be aware of these concerns 
when comparing their own results with previous research. It is reasonable to suggest that 
diverging results might be a result of different methodological decisions rather than actual 
differences in the population.  
 The results of the current study suggest that the majority of left-handers have a strong 
left-hand preference even when it is inconvenient, namely in right-hand biased tasks. Further 
research should also consider the implications of such biased tasks, and evaluate the effects 
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that these tasks have on both hand preference and hand performance. To the author’s best 
knowledge, there is no evidence of how right-handers’ hand preference or performance in 
tasks favouring left-handers.  In order to obtain comparable results, one could for instance test 
left-handers’ performance with their left hand using regular scissors favouring right-handers, 
and also test right-handers’ performance with their right hand. 
 All the participants in the current study had were given one trial for each condition of 
each task in addition to the experiment, and it is suggested that future research assesses the 
effects of learning in bimanual hand performance, and examines if right-and left-handers have 
different profits of repeated executions of such tasks. It should be of interest to study how 
learning might influence the between-hand differences of both right-and left-handers.  
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Appendix 1 
 
1. Alder           Deltaker 
 
2. Kjønn   3. Jeg anser meg selv for å være 
    
Kvinne              Høyrehendt 
 
Mann    Venstrehendt 
 
Darvik Handedness Questionnaire 
Vennligst oppgi hvilken hånd du foretrekker å bruke i følgende aktiviteter ved å krysse av i den passende ruten. 
Dersom du alltid (dvs. 95 % eller oftere) bruker en hånd til å utføre aktiviteten som er beskrevet, kryss av for 
alltid venstre eller alltid høyre. Hvis du vanligvis (dvs. 75 %) bruker en hånd, kryss av for vanligvis venstre eller 
vanligvis høyre. Dersom du bruker hendene like ofte (dvs. hver hånd brukes omkring 50 %), kryss av for likt.  
 
 Alltid venstre Vanligvis 
venstre 
Likt  Vanligvis 
høyre 
Alltid høyre 
1. Skrive      
2. Tegne      
3. Kaste      
4. Saks      
5. Tannbørste      
6. Kniv (uten gaffel)      
7. Skje      
8. Feiekost (øverste hånd)      
9. Tenne fyrstikk (fyrstikk)      
10. Åpne boks (lokk)      
11. Kniv (med gaffel)       
12. I hvilken hånd holder du saksen 
når du klipper papir? 
     
13. I hvilken hånd holder du nålen 
når du syr? 
     
14. I hvilken hånd holder du 
hammeren når du spikrer en spiker? 
     
15. I hvilken hånd holder du 
brødkniven når du skjærer brød? 
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 Alltid venstre Vanligvis 
venstre 
Likt Vanligvis 
høyre 
Alltid høyre 
16. I hvilken hånd holder du 
viskelæret når du visker vekk et 
blyantmerke? 
     
17. I hvilken hånd holder du 
tekannen når du heller te og holder 
koppen med den andre? 
     
18. I hvilken hånd holder du 
skrutrekkeren når du skal stramme 
en skrue på en hylle? 
     
19. I hvilken hånd holder du 
korketrekkeren når du åpner en 
vinflaske? 
     
20. I hvilken hånd holder du esken 
når du tenner en fyrstikk? 
     
21. I hvilken hånd holder du 
kortstokken når du deler ut kort? 
     
22. I hvilken hånd holder du 
blyantspisseren når du spisser en 
blyant? 
     
23. I hvilken hånd holder du 
tallerkenen når du vasker opp? 
     
24. I hvilken hånd holder du 
appelsinen når du skal skrelle den? 
     
25. Hvilken hånd holder brødskiven 
når du smører på smør? 
     
26. I hvilken hånd holder du 
syltetøyglasset når du skal skru opp 
lokket? 
     
27. I hvilken hånd holder du 
poteten når du skreller den? 
     
28. Med hvilken hånd holder du 
sykkelpumpen når du pumper luft i 
dekket (ikke-bevegende hånd) 
     
29. Med hvilken hånd holder du 
konvolutten du skal åpne? 
     
30. Med hvilken hånd setter du inn 
tegnestiften når du henger opp en 
lapp på en korktavle? 
     
 
 
 
